Since pioneering work on the heat production during mold growth was performed by Tamiya The sample was stored in a refrigerator under nitrogen atmospheric pressure and was used as the seed for a culture by transferring the required amount of particles to the autoclaved culture vessel containing medium.
* To whomcorrespondence should be sent. **å This specimen contains at least two strains of yeast, Saccharomyces and Ellipsoidus. Since the specimen is a mixture of more than two strains, the growth thermogram represents the sum of the multiple microbial activities. Therefore, the thermograms observed in the present experiment correspond to the energetic activities of the whole system involving multiple microorganisms. The observed thermogram is only an apparent calorimeter output signal and the true heat evolution in the calorimeter-cell is obtained when the thermogram is corrected for the heat exchange between the calorimeter cell and its surroundings through the calorimeter cell wall.
If we define g(t), the calorimeter output signal at time t, the true heat evolutionf(t) is given by the following equation8'9); f(t)=g(t)+K \ g{t)dt (1) where K is the heat leakage modulus of the system.*3 f(t) can be computed by a simple mathematical calculation8) or more conveniently with a programable calculator.9) In Fig. 3 ,/(0 computed by eq. (1) is also included for comparison (half-closed circles). As for the heat leakage modulus, a value of^=0.024 min"1, which was determined by using the Newton's heat exchange law,8'9) was used. The calculation off(t) was done at time interval of 0.5 hr with a Seiko S-301 Microcomputer. f(t) thus obtained is the time course of the calorimeter signal that one would observe when the system is hypothetically in an adiabatic condition and corresponds to the true process of heat evolution in the calorimeter cell. From Fig. 3 , it can be seen that the true heat evolution process is quite similar to the change in turbidity.
The relation between the two becamemore clear when /(0 was plotted against the turbidity change (the inset of Fig. 3 ). It appears that a good linear relationship exists between the heat evolution and the turbidity in the range up to an optical density of 1.0. This indicates that in the present microbial system the time course of heat evolution,/(/), can also be regarded, to a certain extent, as a growth curve which is conventionally obtained by turbidity measurement.
On the basis of the above results, a theoretical consideration was made for the thermograms observed for the cultures with different inoculum sizes. f(t) curves corresponding to the six thermograms in Fig. 2 were computed and are shown in Fig. 4 . expressed by the following equation;
N= Noe"{'-z} (2) where N is the number of viable cell at time t, No is the inoculum size which is equal to the number of viable cells at t=0, \i is the growth rate constant and t is the lag time.
If we define q0 as heat evolution rate per unit viable cell during the lag phase and qt as heat evolution rate per unit cell during the exponential growth phase, the heat evolutions of the system during the lag and the exponential growth phases are given by Noqodt and r Nqidt (3) respectively.
The sum of the above two terms is the integral heat evolution at time t (7>t). Thus weobtain; Jo /(0= Noqodt+ NQldt (4) Equation (4) is a strict mathematical expression of the heat evolution during the exponential growth of microbial cells. 
where At is an appropriate time interval.
Plotting log {f(t+A0-/(0} against t, a straight line is obtained, the slope of which is jk/2.303.
In Fig. 5 Table I seem to support the validity of eq. (6) . In order to verify this, the relation between the inoculumsize and the thermogramwas more quantitatively analyzed. For given values of log {f(t+At)-f(t)}=a and r=fa,eq. (7) In Fig. 6 , the plot of ta versus log No *s
shown. It is obvious that the plot gives a straight line and that the relation described by eq. (8) holds. From the slope of this straight line, \i was determined to be 0.4498h"1. The values determined independently for each calorimetric run (Table I) agree with the present value within the experimental error.
Thus eq. (6) was proved to be valid for describing the heat evolution during the exponential growth.
